Background: The role of low vitamin D status in the development of allergic rhinitis is
INTRODUCTION
The modulating effect of vitamin D on a variety of immune functions supports a possible causal link to allergic diseases. For example, vitamin D may affect regulatory T cells (Treg) (1, 2) , which are known to control both T-helper 1 (Th1) and T-helper 2 (Th2) cell responses (3) . Therefore, there are mechanistic reasons to implicate vitamin D with both Th1-related autoimmune diseases and Th2-related allergic diseases (4) . (10) , with allergic diseases are also contradictory (11) (12) (13) (14) (15) (16) (17) (18) . These studies mostly focused on serum 25(OH)D levels in cord blood in relation to food allergy and sensitization to food or airborne allergens during childhood, and lower serum 25(OH)D levels were associated with an increased risk (11, 13, 14) , a decreased risk (15) or no risk (12) for food allergy or sensitization.
There are sparse data on the role of serum 25(OH)D levels in the development of allergic diseases in adults. A study using the Third National Health and Nutrition Examination Survey (NHANES) from the U.S. reported no association of serum 25(OH)D with allergic sensitization in adults (14) , whereas another study using an earlier survey from the NHANES showed a positive association of serum 25(OH)D levels with allergic rhinitis (16) . In the current study, we aimed to investigate the association of serum 25(OH)D levels with incident allergic rhinitis in adults by using Norwegian population data from the Nord-Trøndelag Health Study (HUNT). As our previous study demonstrated a sex difference in terms of the association between serum 25(OH)D levels and adult asthma (19), we also evaluated the possible modifying effect of sex on the association of 25(OH)D levels with allergic rhinitis.
MATERIALS AND METHODS

Study design
HUNT is the largest population-based health study in Norway (20) . The adult part of the HUNT invited all inhabitants aged 19 years or older in the county of Nord-Trøndelag in 3 separate surveys: HUNT1 (1984-86), HUNT2 (1995-97) and HUNT3 . In the present study, we used data from HUNT2 and HUNT3. In brief, HUNT2 invited 93,898 adults in 1995-97, and 65,233 people participated (response rate: 69.5%), among which 37,059 people took part in HUNT3 in 2006-08. We established a cohort population to study potential risk factors for asthma that included all subjects who participated in both HUNT2 and HUNT3 and were less than 65 years of age in HUNT3 (n=25,616) (21, 22) . The age limit was set to minimize the possibility of comorbidities and misclassification of chronic obstructive pulmonary disease (COPD) with asthma.
A 10% random sample of the above cohort population (n=2,584) was selected for measurement of 25(OH)D levels in blood samples collected at baseline in HUNT2 (19, 23) .
Season for blood sampling varied among the subjects. The size of the random sample was decided upon economic and logistic reasons. May, and June to November). Social benefit recipients were those who reported receiving any of the public welfare benefits. Subjects who had economic difficulties were identified by their affirmative answer to the question, "During the last year, has it at any time been difficult to meet the costs of food, transportation, housing and such?" Family history of allergy was defined as current or ever allergy in any of the family members (mother, father, brother and/or sister). Body weight and height in HUNT2 were measured by health professionals. People with missing information on smoking, physical activity, education, socioeconomic status, and family history of allergy were regarded as an "unknown" category for each variable and included in the analyses. Multiple imputations for the missing data of these variables were performed, with no material change in our main findings (data not presented).
Statistical analysis
For comparisons, unpaired t-tests were used for continuous variables; Chi-square tests were used for categorical variables (Table 1) . Baseline serum 25(OH)D levels were classified into 3 groups: <50.0, 50.0-74.9, and ≥75.0 nmol/L (equivalent to <20.0, 20.0-29.9, and ≥30.0 ng/ml), which are widely used cut-off points in scientific literature (10, 25) . They were also treated as continuous values by using their actual levels. The association between 25(OH)D and incident allergic rhinitis was examined using logistic regression analyses, and odds ratios (OR) and 95% confidence intervals (CI) were calculated ( (11, 13, 14) . However, other studies of children showed an increased risk with higher 25(OH)D levels (15, 17) There are several potential limitations to our study. Firstly, there were substantial number of individuals with missing data on allergic rhinitis at baseline or follow-up that had to be excluded. The group with missing data on allergic rhinitis differed from the rest of cohort on several baseline characteristics (online supplementary table 1). For example, the group with missing allergic rhinitis had less family history of allergy than the rest of the cohort.
However, all of these baseline covariates were controlled for in the multivariable models.
Besides, the missingness is likely to be at random, based on the similarity of allergic rhinitis prevalence at baseline or follow up in our study (20% and 27%, respectively), which is comparable with the prevalence from other European studies (17% in Italy to 29% in Belgium) (32) . Secondly, we only had questionnaire information on allergic rhinitis or hay fever but no objective allergy markers such as skin prick tests or measures of antigen specific IgE levels. In a previous study based on 22 population studies, the overall proportion of rhinitis cases that were atopic was 61% (33) , and, as mentioned above, the prevalence of allergic rhinitis in our study was consistent with other European studies. Nevertheless, we cannot rule out over-report of allergic rhinitis that is associated with self-reporting. In addition, the question about allergic rhinitis or hay fever was, however, not exactly the same in HUNT2 or HUNT3 questionnaires. Both over-reporting and non-identical question in the two surveys may lead to misclassification of incident allergic rhinitis, although 76% of the cases confirmed their rhinitis symptoms during the past 12 months of HUNT3. Nevertheless, we assume that the misclassification was most likely non-differential (i.e. that misclassification did not differ by serum 25(OH)D levels). Under the presence of nondifferential misclassification, the observed association is usually underestimated (34) .
To our knowledge, we report the first prospective cohort study evaluating serum 25(OH)D levels and allergic rhinitis in adults, and it is also the first to formally evaluate the possible modifying effect of sex on the association. In addition, our study was strengthened by measurement of serum 25(OH)D levels, an objective measure of body vitamin D status, and our ability to control for a comprehensive panel of confounding factors including BMI.
Overweight or obesity is associated with low body vitamin D status (35) and increased risk of asthma (36) that is often comorbid with allergic rhinitis. Nevertheless, our findings were derived from a random sample of young to middle aged adult population. This would limit the generalization of our results to populations with extended age, and we should be cautious when extrapolating these findings. AOR derived after adjustment for age, daily smoking, physical activity, education, social benefit, economic difficulties, family history of allergy, body mass index, and season of blood sampling at baseline.
a P for trend was tested by treating 25(OH)D categories as an ordinal variable.
